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F iPid nf invention 
^^resent invention relates Co a semiconductor device 

using TFTs (thin film transistor, mounted on an insulate 
substrate such as a glass and more particularly to a 

, . „ „fjiizable for an active matrix type 
semiconductor device utllizaDie 

liquid crystal display. 

A semiconductor device having TFTs on an instating 
substrate such as a glass is Known to be utilized in an 
active matri* type liquid crystal display, image sensor and 
the like using such TFTs for driving picture elements. 

Generally a thin film silicon semiconductor is used for 
the TFT used in such devices. The thin film silicon 
semiconductor may be roughly classified into two 

semiconductors; those composed of amorphous silicon (a-SD 
semiconductor and those composed of silicon semiconductor 
having a crystallinity . The amorphous silicon semiconductor 
is most generally used because its fabrication temperature 
is low. it can be fabricated relatively easily by a vapor 
phase method and it has a mass-producibility . However, 
because it is inferior as compare to the silicon 
semiconductor having a crystallinity in terms of physical 
properties such as an electrical conductivity, it has been 
strongly demanded to establish a method for fabricating a 
TFT composed of the silicon semiconductor having a 
crystallinity to obtain a faster characteristic. By the 
way, as the silicon semiconductor having a crystallinity, 
there are Known to exist a polycrystal silicon, microcrystal 
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silicon amorphous silicon containing crystal components, 
le^alorphous silicon having an intercalate state between 

crystallinity and ta ^ those thin film 

The following method is known co 
silicon semiconductors having a crystalling: (1, dxrectly 
silicon so amorphous 
form a film having a crystallxnxty. (2) form 
semiconductor film and crystallize it by energ, , o la- 
light, and (3, form an amorphous semiconductor fxlm 
crystallize it by applying thermal energy. 

However, it is technically difficult to for. a fxlm 
having favorable physical properties of -iconductor on 

n «.„Kcfrate bv the method or l-U . 
the whole surface of a substrate by t 

F urther. it has a problem in terms of cost that because xts 
film forming temperature is so high as more than 600 * 
low cost glass substrate cannot be used. The method « has 
a problem that its throughput is low because an xrradxatxon 
ar L is small when an eximer laser which is present , » t 
generally used is used. further, the laser xs no st^le 
enough to homogeneously treat the whole surface of a large 
area substrate. Accordingly, it is thought to be a next 
generation technology. Although the method ,3, has ame, t 
that it allows to accommodate with a large area as compare 
to the methods ,1, and »> . it is also necessary to apply 
such a high temperature as more than 600°C as the heating 
temperature. Accordingly, the heating temperature needs 
be reduced in a case of using a low cost glass 
In particular, because the screen of present ligurd crystal 
display is enlarged more and more, a large size ^ 
substrate needs to be used accordingly. When such large 
size glass substrate is used, its contracts and straxn 
caused during the heating process indispensable xn 
fabricating the semiconductor produce a large problem 



# 



they reduce an accuracy of mas* positioning and the li*e. 

particular, because the strain point of the 70S9 glass 
In parcicuiai., q ^o c it deforms 

which is presently most generally used xs 593 C it 
largely by the conventional heating crystallite method. 
Further, beside the problems concerning to the temperature. 
ic t.fces more than tens of hours as the heating t,me 
reguired for the crystallization in the conventional 
process, so that such time needs to be shortened. 

'"^^^gly; it is an object of the present .nvent.on 
to solve the aforementioned problems by providing a process 
which realizes both the reduction of the temperature 
necessary for the crystallization and the shorten.ng of 
heating time in a method for fabricating a 
composed of silicon semiconductor having a crystalling 
using a method for crystallizing a thin film composed of 
amorphous silicon by heating. The silicon semiconductor 
having a crystallinity fabricated by using the process of 
the present invention has physical property e*ual to or 
superior than those of the silicon semiconductor fabricated 
: y the prior art and is usable for an active layer region of 

TFTs . - . „ 

* hho rvresent invention perform tne 
The inventors of the present n 

following experiments and study concerning to the method 
forming a silicon semiconductor film by a CVP method or 
sputtering method and crystallizing the film by heat 
When, after an amorphous silicon film is formed 
£irs t on a glass substrate, a mechanism of crystalling the 
film by heating is studied through experiments, it » 
^cognized that the crystal growth begins from the interface 
between the glass substrate and the amorphous silicon and it 



3 



pr o=eeded in a co^ shape vertical ~ - of 
substrate if the thickness of the film x. .ore than 

""tell phenomenon 1. con.iae.ea to have Been cause* 

b e=ause crystal nuclei .seeds, — £^ ~" " 

at the interface of the glass 

— rr. r„ r . = » - — „ 

crrow from the nuclei. Such crysw 

ITe been ^« — 1 — "* ^"V 0 ^^ 
.crystal components of siUcon oxide is cons, dared - be 
listing on the surface of glass substrate as x s cal 
a s a crystallized glass) which exited on the 
substrate in a very small amount. 

Then the inventors consider that xt l. Possxble 
lo wer the crystallisation temperature by 

introducing the crystal nuclei. In order to confxrm that 
etfect, the inventors try experiments by formxng a xlm of 
^„ small amount of another metal on the glass substrate, 
foling a thin film composed of amorphous sxlx=< » . hereon 
«- then heating and crystallising 
confirmed that the crystallization temperature * 
several metals are formed on the substrate and therefore 
is presumed that crystal grows centering on forexgn 

p , , . Then the inventors study 

materials as the crystal nuclei . Then the 

• ^tail on the plurality of impurity 

the mechanism in more detail on tn p 

m etals for reducing the temperature. The plurality 

• t?*> co, Pd and Pt. 
impurity elements are ^ Co =rystalli2aC ion has two 

It can be considered that the cry 

• itial stage of producing a nucleus and a stage 
stages; an initial stage op 

of crystal growth from the nucleus. While the speed 
• • tial nucleus production stage may be observed by 



fixed temperature, this time is shortened any time when an 
amorphous silicon thin film is formed using the impurity 
met! as the base and the effect of the introduction of the 
crystal nucleus on the lowering of the 

temperature is verified. Further. ^ 
observed that the speed of the crystal growth after th 

Eduction of nucleus also ^^^^Z fled on 
crystallization of the amorphous silicon thin 
a certain metal after forming it when the growth of the 
crystai grain after the production of nucleus is studied by 
varying heating time. Although this mechanism is not 
clarified yet. it is presumed that some catalytic effect is 

"""in any case, it is found that when the thin film 
composed of amorphous silicon is formed on the film of a 
very small amount certain metal formed on the ^ 
sublrate and is then heated and crystallized, a sufficient 
crystallinity can be obtained due to the two e fects 
Scribed above at a temperature less than SSO'C and in 
ab out 4 hours which have been impossible in the past 
HiC-1 has the most remarkable effects among impurity metals 
having such effects and is an element selected by the 
inventors . 

How nickel is effective will now be exemplified. 
Although more than 10 hours of heating time is necessary in 
crystallizing a thin film composed of amorphous Silicon 
formed by a plasm, CVD method on a substrate (Coning 7059 
I int. on which a thin film containing a very small amount 
of LLl is not forced, by heating in a nitrogen atmosphere 
„ h en the heating temperature is 600°C. the same 
crystallization state can be obtained by heating at 580 c 
f7r about 4 hours when the thin film composed of amorphous 



silicon formed on the substrate on which the thin film 

... „f nickel is formed is used, 
containing a very small amount of nickel 

By the way . Haman spectroscopic spectrum is used in the 
Judgment (determination, of the crystallization at this 
tim e. xt can be seen that the effect of nickel is very 
great even only from this fact. 

As it is apparent from the above explanation, it is 
possible to lower the crystallization temperature and to 
shorten the time required for the crystallization when the 
thin film composed of amorphous silicon is formed on 
th i„ film of a very small amount of nickel. Now a more 
^tailed explanation will be made assuming that this process 
is used in fabricating TFTs . By the way, the nickel thin 
film has the same effect even if it is formed on the 
amorphous silicon film, not only on the substrate, and in 
C ne case of ion implantation as described Xater in detail. 
Accordingly, such a series of process shall be called as 
-nickel micro-adding-. Technically it is also possible to 
implement the nickel micro-adding during when the amorphous 

silicon film is formed. 

At first, the method of nickel micro-adding will be 
explained. The both of the method of forming the thin film 
of a small amount of nickel on the substrate and <*■*«-« 
t „e film of amorphous silicon thereafter and of the method 
of forming the film of amorphous silicon at first and of 
forming the thin film of a small amount of nickel thereon 
h ave the same effect of lowering the tempera *™ 
small amount of nickel. Further, it is clarified that any 
o£ the methods of sputtering method, vapor deposition 
method, spin coating method and a method using plasma may 
U sed in forming the film. However, when the thin film 
containing a small amount of nickel is formed on the 



, the effect is more remarkable when a thin film 
substrate, the effect subst rate and 

(ba se film) of silicon oxide is forme « ^ ^ 
then the thin film of a small amount of nickel 
Le base film rather than when the thin film of a small 

t of nickel is formed directly on the 7059 glass 
amount of nickel import ant for the low 

v. The reason is that it is j-uf 

substrate. The r nt invention that 

the both in the case c£ the 7059 glass. 

„ as £ o, the -ethoa o £ ^ ^ " 

is co „ fi ™e d : -^^-;^Z^. other thah 
adding (introducing) nicjcej. ujf 

. ^ th i n film contacting above or 
the .ethoas o £ h ; on thl ; o nickel , it is =on £i r„e d 

und er the amorphous when „ o£ .ore 

«-v, a i- the temperature can be iowei.<= 

that the temp However, because a shape 

1 x 1015 a toms/cm3 iS added. Howeve 

rtrosc opic spectrum becomes apparently 
of peak of Raman spectroscopic sp silico n-when the 

of simple substance of silicon wne 
different from that of simp actU al 
. . ..v, ari s x 1019 a toms/cm3, an actual 

J, added amount is more than 5 10 atoms/c m3 to 1 

usable range is considered to be from 1 x 10 
fc. x 10 » atoms/cm3. When the nickel concentration is less than 
' 1 x 10 i3 atoms/cm3, the action as a catalyst for the- 

• „. decreases Further , when the concentration 
crvstallization decreases. ru. 

than 5 x 10" atoms/cm3, Ni Si is locally produced, 
is more than 5 x xu 

u .^Pristics of semiconductor. In tne 
loctina the characteriscics UL m 
™alli Z ed state, the lower the nickel concentration, the 

more favorably the the nickel 

Next, the configuration of the cryst 

Aiina is performed will be explained. It is known 
micro-adding is perto » uced a t random 



and the li*e. that the crystals ^ ^H^.^-. 
nuclei unci! a certain ^ ^ direcCion vertic al 

in which <U0. direction is arranged » . ^ 

co the substrate generally srowth is 

j almost uniform city&*-<»- 3 

described above end an almost un cout se. 

served across the whole thin fil» « • 

Contrary to -o which the 

the crystal growth i. different secCion . That is. it 

— - — ^^111^ anlllssion electron 
is clarified through ° ^ „ hich n iOcel is 

mi "° S Z\ 2Z or a compound of nicfcel and silicon 
added, the added nxckel or crys tal grows almost 

b ecome the crystal nucleus an ~ ^ M 

ver tical to the ^"J^^ cha t the 
nickel x. added. * cempera ture also in the 

crystallization proceeds „ a r 
surrounding region where no n.cke subs trate 

fhat the direction vertical 
crystal growth that the a columnar 

Mi-n in that portion and neeaie 
is arrayed » ^ substrate . is seen. It » 

crystal grows in parall ^ gr _ 

sm all amount of nickel ^ ^ ^ rise 

increased in proportional to x . 

rahire F or example, a growth of ar>ou 
of temperature. tor Further, it ^ 

f- ^SO°C for 4 nours . ru..!.*- 
observed in heating at late ral direction 

clarified that the large crystals xn the late ^ 
are all single-crystal like accords ^ ^ 

- —ission — "where a small 

—"r:::,:: :™i l - 

amount of nicicei 
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portion and at the ^ther distant amorphous «"» 
Lw temperature crystallization does not occur at the 
considerably distant portion and the amorphous portion 

its as it is, by S!MS (secondary ion mass spectrometry, . 
reMlnS " "LIx by about 1 di.it the portion 

le ss amount of nickel oy detec ted from an 

where a small amount of nic.el xs added . d 
amount of the lateral growth port.on and " » 
it diffuses within the amorphous silicon. ^ 
amount of nicfcel by about 1 digit is observed xn the 
amorphous portion, although the relationship between th s 
fact and the crystal configuration is not <=^j£^" 
possible to form a silicon thin film havxng a 
of desired crystal configuration at a desired section by 
controlling a nicfcel adding amount and an adding position. 

N e*t. electrical characteristics of the niCel mi ore- 
added portion Where a small amount f ^ 
the nearby lateral growth portion will be explain 
the eiectrical characteristics of the niefcel micro-added 

;::tion. ~ - aimost tn ™ 

th e film into which no niefcel is added, i.e. th ° £l1 " 
crystallized at about 600-C for tens of hours. When „ 
a"ivation energy is found from the temperature dependency 
of the electrical conductivity, no behavior considered to 
I v Len caused by the level of nic.el is observed whence 
„ iok el added amount is 1." atoms^ to !.» atoms/c^ *s 

a <; +- ran be concluded, cnau 
far as this fact is concerned, xt can b 

there is no problem in the operation of TFT th 

■ ^ hin the film used in an active layer of TFT 
concentration within tne mm 

and others is less than around 10» atoms/=m3 

contrary to that, the electrical conducts of the 
lateral growth portion is higher than that of the aicW 
mi cro-added portion by more than 1 digit, which 
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considerably high for . silicon semiconductor having a 

rystallinity. This fact is considered to have been caused 
by that less or almost no crystal boundar.es exited between 
electrodes where electrons pass through because the current 
lassing direction and the crystal lateral growth direction 
coincides.- it coincides with the result of the pictures of 
the transmission electron beam microscope without 

That is it coincides with the observation 

contradiction. man is* 

fact that the needle or columnar crystals grow in the 
direction parallel to the substrate. 

Here, based on the various characteristics described 
above, an applying method for a TFT will be explained^ As 

»• 1/1 of i-he TFT an active type liquid 
an application field of tne in, 

. , • TFTs are used for driving picture 

crystal display in which TFTs are 

elements will be assumed here. 

While it is important to suppress a contraction of the 
gl ass substrate in the late large screen active type liquid 
crystal display as described above, the use of the nicKel 
micro-adding process of the present invention allows to 
crystallize at a fully lower temperature as compare to 
strain point of glass and is especially suitable. The 
present invention allows to replace , conventionally used 
amorphous silicon with silicon having a 

adding a small amount of nickel and by crystallizing m 
^out 450 to 550°C for about 4 hours. Although it may be 
necessary to change design rules and others corresponding 
that, it can be fully accommodated with the conventional 
equipments and process and its merit is considered to be 

^^Furthermore, the present invention allows to form TFTs 
used for Picture elements and those forming the drivers of 
the peripheral circuit separately utilizing the crysta! 
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configurations corresponding to each characteristic and 

„ „ e"s useful -Wen it is applied especial for «*• 

. . i-Via TFTs used for tne 
type liquid crystal display. That is. the TFTs 

picture element are not retired to have so much mobility 
and rather than that, there is more merit for the off 
"rrent to be smaller. Then the present invention allows to 
remain the region which is to become the TFT use d for the 
picture element as amorphous without performing the ni=*el 
micro-adding and to grow a crystalline siiicon film on the 
region for forming the driver of the peripheral circuit ^by 
adding a small amount of nic.el. That is. although so much 

.„,, in the TFT formed in the picture 
mobility is not required in the Tt 

element section, the off current needs to be reduced to 
improve the yield and to hold electric charge Accordingly, 
it is useful to use TFTs using an amorphous silicon film 
whose production technology has been accumulated from the 
P ast and whose characteristics can be readily 
the picture element section. On the other hand, considering 
to apply the liquid crystal display for a ^ 
the future, a very high mobility is required for the TFTs 
structuring the peripheral circuit. Then it is .«~~^ 
fabricate TFTs having a very high mobility by adding a small 
amount of nidcel near the TFTs which form the drivers of the 
plipheral circuit to grow crystals in one direction .growth 
in lateral direction) from there and to cause the crystal 
orowth direction to coincide with the current passing 
direction (direction into which carriers move) . 

That is. an object of the present invention is to 
provide the region in which the silicon semiconductor film 
is selectively crystallized and the region left as being 
^orphous to selectively fabricate TFTs satisfying necessary 
characteristics on a substrate in a semiconductor device m 
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which a large number of thin film transistor «—»^ 
called as TFT) are forced on the substrate such as 

^strata. mother object o £ the present Mention is« 
selectively provide the TFT having a higher 
causing the crystal growth direction to co.nc.de with the 
carrier moving direction within the TFT by parallels it 

with the substrate. 

According to the present invention, the TFT using a 
crystalline silicon fil» and the TFT using an -°^ h ° US 
silicon til. may he selectively obtained at each necessary 

•„„ bv selectively obtaining the TFT having a high 
region by select, y carriers move 

mobility by causing the direction i 

t ,k. TFT to approximately coincide with 
during operation of the TFT to apy 

aurinu b- i... -.lectively providing 

the crystal growth direction and by selectiv y p 

t he TFT using the amorphous silicon film in the other 

"^^s described above, the crystal growth direction may be 
freely selected in the direction either vertical to the 
substrate or paraliel to the substrate by adding a small 
amount of niek.1. Further, the relationship of the 
direction into which carriers flow during operation of 
TFT and the crystal growth direction may be determi, >ed 

. . ^ /riirection connecting a 
selected by selecting a direction (d.rectio ^ 

. «_ . ^ ^ f TFT to be formed. me 

source and drain) and position of the TFT 

ra rriers flow described above is the 
direction into which carriers 

. • ^ source and drain when an insulated 
direction connecting the source an 

gate type field effect se:niconductor device is used 

example as the TFT. w . . Y 

The present invention may be used for an active matrix 
t ype liguid crystal display further, th. TFT having a high 

v, obtained by using the crystalline silicon 
mobility may be obtained £>y u „._.n a l to 

fil m whose crystal has grown in the direction parallel 
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the surface of substrate. a fabric ation 

Further, the present invention relates to 

>, tfts as described above. The 
nrocess for obtaining such TFTs as ae 

process utilizes a technology for selectively 

^r^r-- - — • — - 

nickel. characterized in 

t-v.o nresent invention is c» aia 
Furthermore, the present formed 

th at the TFTs using the —^'-/^Sr^ 

display and that the crys ^ mate lv in the same 

the TFT has been grown approximately 
composing the TFU na carr iers within the 

direction with the moving direction of carrier 
airecL . _ n i rture element 

TFT Further, the TFTs composing the picture 

. , .Hsolav is structured in the 

se =tion of the liquid crystal display selecti ve 
. time using the amorphous silicon film. The sel 

„ of tne crystalline silicon film and amorphous 
formation of cry ^ fay 

silicon film on the same s ^ te ^ er ature 

selectively adding nick.1. That ^ 
retired for the crystallization can he less 
^region where nicKel micro-adding i. ; perf - ■ 

Although it is typically useful to use nic.el as a 

S mall amount of ^ ^ opined even by 
crystallization, the similar ef . nvention . 
cobalt, iron and platinum in the present 

Further, although a *ind of suhstra e ; - - ^ ^ 
limited, the usefulness of the presen 
crystalline silicon film «n he obtained in a 
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temperature less than .00* as « ^ 

method remarkable " f I gl . Ls«a t e. 

subs trate and particularly for a large «ea^- 

While the crystalline silicon film may be thus 
hy s" tively crystallizing It. the characteristics of such 
crystalline silicon film « - improved - ^ ^ ^ 
irradiating laser or an equivalent strong !ight after 

That is, insufficiently 
crystallization process That - faoundaries and 

crystallized components left at the cry ^ ^ 

others may be crystallized due to that, 
necessary for the re g ion in which the TP, 
amorphous silicon film is formed not to be 
such strong light, because the amorphous silicon 
crystallized by the irradiation of such strong light. 

^^-fT^-^-T a schematic construction of 
a liquid crystal display according to an embodiment of the 

nrPS ent invention; ^ 
Pigs. 2A through 2B are drawings showing a process or 

f abricating a circuit in which NTFT and PTFT 
peripheral circuit section of the liguid crystal 
■ Irmed compiementarily according to the embodiment of 

"^tg'nrrdrawing showing the configuration shown in 

xrArr 9D seen from the above; 

F ° gs «X through 4 D are drawings showing a process for 
seating a NTFT formed in a picture element section in 
the liguid crystal display according to the embodiment 

the present invention; „„cess for 

Pigs. 5A through SF. are drawings showing a 
f abricating TFT circuits in the peripheral circuit section 
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and picture element section in the liquid crystal display 
according to another embodiment of the present inventxon; 



and 



Figs. 6A and 6B are SEM pictures around the distal end 
of crystallized region of a silicon film crystallized by a 
growth in a lateral direction in the fabricated TFT. 

rm V . m nBSCT TFTT^ ™ P*EFFFFFP FITMENTS . 

Referring now to the drawings, preferred embodiments of 
the present invention will be explained. 

[First Embodiment] 

Fig 1 is a top plan view showing a construction of a 
liquid crystal display of the embodiment of the present 
invention in outline, wherein a picture element section 10 
having a plurality of picture element electrodes provided xn 
matrix (not shown) and a peripheral circuit section 20 as a 
driving circuit for driving each of the picture element 
electrodes are shown. According to the present embodxment, 
thin film transistors (TFT) for driving the picture elements 

and those composing the peripheral circuit are formed on 
m insulated substrate (e.g. a glass substrate). In 
concrete, the peripheral circuit section is a cxrcu xt 
structured as a CMOS in which P channel type TFTs (PTFT) and 
N channel type TFTs (NTFT) using silicon films havxng a 
crystallinity grown in the lateral direction (called as a 
crystalline silicon film) are provided complementary and 

0 tftc formed as NTFT using 
the picture element section is TFTs formed a 

amorphous silicon films. 

Figs 2A to 2D are drawings showing a process for 
fabricating the circuit in which the NTFT and PTFT 
structuring the peripheral circuit section 20 are formed 
complementary. Figs. 4A to 4D described later are 

1 5 



^ •„„ „ nrnceS s for fabricating the NTFT formed 
drawings showing a process tor i~<^> 

on the picture element section. Because the both 
fabricating processes are performed on the same substrate, 
common processes are executed simultaneously. That is ; the 
processes shown in Figs. 2A to 2D and those shown in Figs. 
A to 4D correspond each other, so that they are carried out 
in the same time, respectively. 

At first, a silicon oxide base film 102 having a 
thickness of 2000 angstrom is form on a glass substrate 
(Coning 7059) 101 by a sputtering method. A mask 103 formed 
by a metal mask or silicon oxide film is provided only on 
the peripheral circuit section 20 as shown in Fig. 2A. By 
the way, because nickel introduced in a later process easxly 
diffuses also within the silicon oxide film, a thickness of 
m ore than 1000 angstrom is necessary when the silicon oxide 
film is used as the mask 103. The base film 102 is exposed 
in a slit shape by the mask 103. That is, seeing the state 
of Fig. 2A from above, the base film 102 is exposed in the 
slit shape by a slit shape region 100 while the other region 
is masked. The mask 103 is covered on the whole surface of 
the picture element section 10 shown in Fig. 4A and the base 
film 102 is masked by the mask 103 . 

After providing the mask 103, a nickel silicide film 
(chemical formula: NiSi x , 0.4 < x S 2.5, x = 2.0 for example) 
having a thickness of 5 to 200 angstrom, e.g. 20 angstrom, 
is formed by a sputtering method. As a result, the nickel 
silicide film is formed over the whole area of the 
peripheral circuit section 20 and the picture element 
section 10. After that, the mask 103 is removed to 
selectively form the nickel silicide film only on the region 
100. That is, it means that the nickel micro-adding has 
been selectively made on the region 100. 
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. . _-<-!, 103. an intrinsic (I 
Next, after removing the mask 10 J. 

mi Having a thickness of 500 
type) amorphous silicon film 104 having 

. ™ e a 1000 angstrom, is deposited by a 
1500 angstrom, e.g. w« u a 
to a . . , t ls crystallized by 

olasma CVD method. After that, it is crys 

* a Hours at 550»C under a hydrogen reducing 
annealing for 4 hours 55 of hydrogen is 0.1 

atmosphere (preferably a partial pressure y 

. Although the annealing 
to 1 atmospheric pressure) . Althoug 

w v*. selected within a range of about 4bu <- 
temperature may be selected 

700«C, a preferably temperature range is 450 C 
I it takes time for the annealing if the annealing 

because it takes prior 
mature is low and the same result as that xn * 
ar t is chained about if the temperature xs h W 
way , this annealing may he carried out xn an xnactxve 

. „ a nitrogen atmosphere) or air. 
— -1 is crystallised in a direction 
V erti=al to the substrate 101 in the region 100 where he 

— - - ^ s ;rr dL ^on 

other hand, crystal grows xn a lateral dx 

parallel to the substrate, fro™ the reckon « as -h V 

amorphous silicon film x. l.f * £^ ^ p „ videa , 

_ . in (see pig. 4B) where the mas*, iuj 
section 10 l see . ,,11-0 bv 

because the amorphous silicon film will ^ * 

such annealing of four hours at 550'C. By ^ ™ « 

- . direction shown oy tne 

distance of crystal growth xn the about 40 

arrow 105 which is parallel to the substrate 

micron. •^•u^vai circuit 

The amorphous silicon film at the perxpheral cxrc 

action 2 0 may be crystalled by ---- 
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sil ico„ film remains without being crystallized in the 
picture element section 10 . ^ ^ 

After that. TFTs are separated between 

is removed to form 
th e silicon film 104 at unnecessary part xs rem 

island-shape element regions. Zn this process, xf a 
an xsland shape (source/drain region, 

length of an active layer of the TFT 
channel forming region) is within 40 mxcron ^ 
source/drain region and channel ^^J^^, 
the crystalline silicon film grown xn the dxrectxo P 
o th7suhstrate 101. -rther, if t*. channel formxn 
re gion is structured >y the crystalline 

\ f , he active layer may be prolonged further, 
length of the actxve xay . , of i 0 0 

Then a silicon oxide film 106 havxng a thxcKness 

. . - .« , a , t e insulating film by a 

0 angstrom is formed as a gate 

guttering method. Silicon oxide xs used as a targe 
/puttering. » temperature o £ the substrate dunn the 
Ottering is 200 to 400«C. e.g. 35.-C. °,ygen ^» 
a re used as an atmo.er of the sputtering and a ^ 

rrrr^i: —g » . . r a *> 

having a thickness of 6000 to 8000 angstrom, e.g .6000 
LI, is formed by a sputtering method. By the way. it 
Is desirable to consecutively carry out the processes for 
forming the silicon oxide film 106 and aluminum film. 

cite electrodes 10V and 109 are formed by patterning 
«4 lm As mentioned above, the process 
the formed aluminum film. As men ^ 

shown in Fig. 2C and that shown in Fig. 4C 

"s^ace of the gate electrodes 10, and 10, is 
anod i,ed to form oxide layers 108 and 110 on the sur ace 
thereof. This anodization is carried out in an e thyl ene 
glyc ol solution containing tartaric acid by 1 to %. 

1 8 



4 



^ nn is 2000 angstrom. 
. - io Ve rs 108 and 110 is 
thicfcness o£ the ox.de layers oxide layers x 

" ^r-rilt ro"s« gate region formed 
09 and HO » a £or ion ^u-tlna a doping 

« i~ Pr ° CeSS <a P a xength of the offset gate 

.r.rial) in the later process, a length 

Z ion may »e deterged in the ^^^^ 

N e*t. purities .phosphorus and horo a ^ ^ 

co the silicon regions as regions of elem ^ ^ 

eXectrode 107 and surrounding oxide layer 
eXectrode 10, and the surrounding ox.de ™° 

respectively as ^ ^ 6Q to 90 

, . „ as An acceleration voltage is 
are used as doping gas . An kv> 

rase of phosphine and «u 
k V, e.g. 80 kV, m the case P ^ to 8 

• rase of diborane. Dosage 

e.g. 65 kV, m the case ox 5 cm _ 2 

2 m a 2 x 10" crn-2 of phosphorus and 5 x 
x Ids cm-2, e.g. i * selectively doped 

of ooron. in the doping, each element are s 

, . , „~ no t necessary to ce <a<->*/ 
by covering regions which are not ^ ^ x 

As a result, N type impurity 
photoresist. As a (ormed and 

16 and P type impurity regions 11 and 

*- tft (PTFT) region ana in 
hence, a P channel type ' Further , a N channel 

tYP e TFT (NTFT) region may he formed ^ ^ ^ 

typ e TFT may he formed in the «- «» 

After that. ^^"J^^ purities. 
Xeser light to ^ ^ th: 248 „. pulse width: 

Although KrF ™ ^ _ ughc , anothe r laser may he 
20 nsec) is used for the x tions 2 to 10 shots, 

„ ..... >..» --"t™ «...» .« - 

..... «... "'7™ ... - 
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crystallisation readily advances by irradiating « 

, ^ in the laser annealing process. Accordingly. Che 
lig ht in the laser ^ giving 

impurity regions 111 and lu in 

P type has been doped and the impurity regions 114 and 116 
L^which the impurity giving - type has been doped may he 

readily ^ oxide film 118 having a 

Following to that, a sui^ 
thickness of 6000 angstrom is formed as an interlayer 
in s^ator at the peripheral circuit section 20 as shown in 

2D by . ^ - M ~ ***** 

on the interlayer insulator, electrode and wires 117 11. 

titanium nitride and aluminum. At the picture 
section 10. an interlayer insulator 211 is ormed hy llico 
oxide and after forming contact holes, metal wires 213. 214 
^ITO electrode 212 which are used as a picture element 
electrode are formed as shown in rig. «D. Finally, 
annealing is carried out for 30 minutes at 350*C in a 
Tdrogen atmosphere of one atmospheric pressure to complete 

the TFT circuit or TFTs. 

The circuit fabricated as described above has a CMOS 

, . . rte PTFT and NTFT are provided 
structure m which the ^ 

complementary. However, it is also P ^„„« ibe d 
two independent TFTs simultaneously in the process described 
above b y cutting into two TFTs after fabricating them 

"^rrrorder to show a positional relationship 

b et„een the region into which nickel has been. 

- , o n ceen from above 

j «-v,~ tpts a view of Fig. *v seen 
introduced and the TFTs , a vi a s 

. B . , in Fig- 3, the nickel micro-adding is 
is shown in Fig- 3. In Fig , ^ ^ 

selectively performed to the region 1 

a lateral direction (lateral direction xn the sheet) 
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channel forming region 112 are formed 

direction to which the crystal grows. Similarly , the 

. ■ , ,14 and 116 and the channel forming 

source/drain regions 114 ana 

rejion 115 are formed as the NTFT. 

Because a direction into which carriers flow and the 
direction of crystal growth coincide in the 
described above, the carriers do not cross the crystal 
boundary when moving, hence allowing to improve the 
operation of the TFTs . For example, a mobility of the PTF 
fabricated by the process shown in Figs. 2A to 20 is 20 to 
15 „ cmVVs and it has been confirmed that the mobility 

en improved in comparison with a mobility of the prior a t 

Further, a mobility of 150 to l»u 
PTFT of 50 to 60 cm* /Vs. Furtner, a. _ 
Zn,. i- *t*— in the NTFT. which is higher is comparison 
ZL a mobility of the prior art KTFT of BO to ,0=^- 

By the way. the prior art TFT mentioned here refers to 
. TFT using a crystal silicon film obtained by crystallizing 
L amorphous silicon film formed on a glass substrate by a 
thermal annealing of 24 hours at 600"C. 

Further, a gate insulating film and channel forming 
region are provided under the gate electrodes in 
el 20. As seen from Fig. 3. « Polity of TFTs may be 
simultaneously formed by further prolonging (by vertically 

• p*„ 31 the nickel micro-adding region, 
extending in Fig. 3) tne m . _ s a 

Although the method of selectively "^"^ 
thin film (because it is extremely thin, it is di« cult ~ 
cbserve as a film, on the surface of the *ase film 10 unde 
the amorphous silicon film 104 and of growing the crysta! 
from that portion has been adopted as the method for 
introducing nicKel. it is also possible to selectively 
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,,. nCT after forming the amorphous 
_v, 0 nickel micro-adding arcer 
perform the nickel possib le to grow the 

sili =o„ film 104. That is it i P s . Ucon 

selectively implanting nickel 

104 using the ion doping method, 
silicon film 104 using nlc v e l element may 

b as a merit that a concentration of the nickel 

- -rrr i< * ~ — — ^ir- 

c rystal growth direction with the direc tion^ >* ^ 
rarriers characteristics of the TFTs my 
Trhltrarily setting an angle between the direction into 
^ch carriers flow and the crystal growth direction. 

(Second Embodiment] 

X second embodiment is shown in Figs. 5 
« »„d 6B After forming a silicon oxide film 
F19S - "tckness of 1000 to S000 angstrom, e.g. 2000 
having a *h**-^ 5M< „ morphous silicon 

angstrom, on a glass m8str „, e.g. 500 

£il m having a thic kness o 30-o ^ 
angstrom, is formed by a plas o£ . 50 0 to 

that, a silicon oxide film 504 having a^hicknes 
15 00 angstrom, e.g. 500 angstrom, is formed. Xt 
arable to for those films „ _ a 

the silicon oxide film t>u* win dow region 

for introducing nickel. The winao 
window region 506 for intro 

506 is formed in a region for fabricating ^ 
peripheral driving circuit and not formed m 

element section. . 

Next, a nickel salt film 505 is formed by a spi 
coating method. Here the spin coating method will 
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. a At first for the film 505. nickel acetate or 
explained. At first, tot 

. .4. diluted by water or ethanol. Its 
nickel nitrate is diluted «y 

- -<on is 25 to 200 ppm, e.g. 100 ppm. 
concentration is 25 to P ^ immersed 

On the other hand, the moM±oa of 

into a hydrogen peroxide solution or a ^ s 
hydro gen peroxide and ammonia to form - ^ 
oxide film at the window region 506 which 
t he amorphous silicon film is exposed to ^ 
interface affinity of the nickel solution prepared 

.escribed above and ^ ^^^^ * — 
The substrate treated as such i P 

^ Then 1 to 10 ml, e.g. 2 ml, or 

state is maintained for 1 to x 

Aft er that, the speed of rotation is ^^^^ 
spi n drying. This operation may be repea * P 
of times. Thereby the thin nickel salt film 

(Flg " 5A) * carried out in a heating 

Here a heat treatment is carried o 

. o£ 520 to 580«C and 4 to 12 hours, 
furnace within a range of 520 to As 
0 * o *««rs The atmosphere is nitrogen. 

, n , „<, crystallization starts from this 

ha nd. the regi ,n distant fro- th. ~» » ° » " 

ctys uU^ ana regains - ^""/L^X 
After that, the crystallinity is ^proved further by 
After th (wavelength: 248 nm) or 

irradiating KrF eximer laser lign 

xe =l e,i»er laser light .wavelength: 30* n,, by 1 to* 
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energy density of the laser light is 200 to 350 
th e temperature o £ the substrate is 200 to 400'C. By the 
w . the Picture element section is covered by a meta mask 
510 so as not to be irradiated by the laser Ixght Or xt xs 
possible to reshape the beam shape o £ the laser Ixght xnto a 
lin e shape and others so that the laser light is not 
incident to the picture element section (Fxg. SO - 

After irradiating the laser, the silicon fxlm 503 xs 
etched to form a TFT region of the peripheral circuit and 
that o £ the Picture element section. The former is composed 
of the crystalline siUcon film and the later, the amorphous 
silicon film. Then a silicon oxide film 511 having a 
thickness of 1000 to 1500 angstrom, e.g. 1200 angstrom xs 
formed on the whole surface and gate electrodes 512, 513 and 
5X4 are formed by aluminum and anodized film thereof 
similarly to the case of the first embodiment. The gate 
electrode 512 is used for a PTFT in the peripheral cxrcuxt. 
gate electrode 513 is used for a HTFT in the peripheral 
circuit and gate electrode 514 is used for a TFT xn the 
picture element section. 

Using those gate electrodes as masks. > type and P type 
impurities are implanted to the silicon film by an ion 
doping method similarly to the first embodiment. As^a 
result, a source 515. channel 516 and draxn 517 o the PTFT 
in the peripheral circuit, a source 520. channel 519 and 
drain 518 of the NTFT in the peripheral circuit, a source 
1 channel 522 and drain 523 of the HTFT in the picture 
element section are formed. After that, the laser xs 
irradiated on the whole surface to activate the doped 
impurities similarly to the first embodiment 

X silicon oxide film 524 having a thickness of 3000 to 
8000 angstrom, e.g. 5000 angstrom, is formed as an 
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~ -v>=.r- an ITO film having a 
interlayer insulator. Further, an iiu 

v . of 500 to 1000 angstrom, e.g. 800 angstrom, is 
thickness of 500 to patte rn- etched to 

formed by a sputtering method and P ^ 

form a picture element electrode 525. Con 

• _ .c TFTs , a two layereu 

forced at the source dra no th ^ 

of titanium nitrate (thickness, i 

Thus the peripheral circuic forme d by 

sili con and the picture element section can be forced by 

amorphous silicon (Fig. 5E) . 

According to the present embodiment, laser 

• ;r to crystallize amorphous 

irradiated as shown m Fig. 5C to crys 

it becomes fat centering on the neeai 
so that it become region where current 

the nucleus. It results m expanding a reg 

flows and allows for larger drain ™* ^ d and then 
The silicon fil* thus crystallized is thinned an 

♦-^o electron microscope 
is observed by a transmission type electr 

• «. a oicture around the distal end of 

(TEM) . F«. 6, » a prctu crystalliied by the 

Tseen from 1. non-crystalU,ed 

o £ the present embodiment, a picture as shown rn Pi, 
obtained. M t hou 3 h the amorphous xenons wh.ch have ^ 

OCCUP ied the -^^^^--i. not =o g ood 

^^L- ~ a ions are produced at random. 
Noticed is the state of crystal in the re.ron which x. 
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considered to have been amorphous among the needle crystals 
observed around the middle. A fat crystal region is formed 
in this region in a manner growing from the needle crystal 
(Fig- 6B) . 

While the pictures in Figs. 6A and 6B represent the 
distal end -region of the crystal where relatively more 
amorphous regions exist are observed to readily understand 
the state of the crystal growth, it is the same also around 
the nuclei of the crystal and middle of the crystal growth. 
Thus the amorphous portion can be reduced, the needle 
crystal can be fattened and the characteristics of the TFT 
can be improved further by irradiating laser. 

As described above, the TFTs in the peripheral circuit 
section are composed of the crystalline silicon film whose 
crystal is grown in the direction parallel to the flow of 
carriers and the TFT in the picture element section is 
composed of the amorphous silicon film in the active matrix 
type liquid crystal display. Thereby a high speed operation 
can be executed in the peripheral circuit section and 
switching elements whose off current value is small which 
are required to hold electric charge may be provided in the 
picture element section. 
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